A three-mesh gate is used in a time-of-flight (TOF) apparatus to analyze the velocity of positive ions. Test results and a theoretical description are presented of an effect arising from trapping ions between meshes of a two gate TOF velocity analyzer. The entrapped ions produce a side peak in the TOF spectra corresponding to faster ions. The onset and relative height of the side peak is dependent on the gating voltage and risetime of the pulsing electronics, while the relative intensity depends upon the velocity being sampled and the ratio of the gate width to duration.
Introduction
The time-of-flight measurements of various (TOF) mass spectrometer has been increasingly used for ionization process including electron-impact [1, 2] , laser ionization involving surface [3] and resonanee-enhanced multiphoton ionization techniques [4, 5] . The advantages of TOF methods lie in their ability to measure velocity distributions; and entire mass spectra in a single cycle. However, the resolution of a TOFMS depends on flight time and the initial energy distribution of the ions. Various techniques are used to reduce the initial energy distribution of the ions, such as supersonic jet sources [2] and ion reflecting mirrors [3, 6, 7] .
Timing techniques involving a pulsed-mesh have regained popularity with the availability of fast, high voltage square-pulse generators based on the power metal-oxidesemiconductor field effect transistor (pMOSFET) [8] . The use of pulsed-meshes has led to various experimental artifacts involving, for example, the risetime of the pulsing electronics in electron-impact TOF mass spectrometers [2] , and the gate duration time tg on ion transittime measurements using the four-mesh T(IF technique [9] .
In the present study a gatcd TOF apparatus [10] is used to determine velocity distributions of ions by measuring the flight time between two pulsed gates a known distance L apart. A schematic diagram is shown in Fig. 1 . The first gate, at the entrance of the field free flight region, opens momentarily letting a packet of ions enter the TOF tube.
The ion packet separates according to velocity where the faster ions reach the exit gate before the slower ions. Ions of a particular velocity can be selected by opening the second gate after a suitable time delay. Each gate consists of three meshes. The two outer meshes are grounded to shield the flight region from the pulsing voltage on the center mesh. The center mesh repels ions when biased positively and opens momentarily by switching to ground.
.,
The present work investigates the effect of a finite gate width and a time dependent electric field within the present three-mesh gate geometry. It was found that when the gate closed the ions in the gate structure were accelerated by the pulsing electronics, thus modifying the velocity distribution being measured. The accelerated ions form a faster side peak in the TOF spectra. This peak is characterized by its TOF and relative height. Sec. 2 outlines the experimental apparatus used in the present measurements. The theory and numerical calculation used to model discussion of the results are presented the experimental results are given in Sec. 3 and a in Sec. 4.
II. Experimental Method
The three-mesh pulsed gate TOF apparatus has been described in detail in a previous paper [9] and is briefly described here with an emphasis on the pertinent details.
The experimental apparatus consists of three parts: the ion source, the time-of-flight tube, and the lens and detection system. The ion source is a commercial ioniz~r (Extrel , Inc.) with an effusive gas inlet.
Ions are extracted from the ionization region with an energy distribution that depends on the space-charge potential variation of the ionizing electron beam, and on penetration of the extraction voltage into the source region. The chamber pressure during operation is of the order 1 x 10-8 Torr with a background of 4 x 10-9 Torr. Ultra-high purity (99.999%) argon is used as a target gas and impurities in the gas line are removed by freezing with liquid Nz.
The field free flight region of the TOF tube is defined by the distance L between the center meshes in the gates G 1 and Gz at the entrance and exit of the flight tube (Fig. 1) . In the present application L = 18.0 cm. The gates consist of three 95%-transmitting tungsten meshes in series separated by a distance d = 1.5 mm. The center mesh is held at a potential The ion lens system, detection system, and the three-gate controlling electronics have been described previously [10] . The electronics arc modified in the present work to pulse only the first and third gates of the three-gate system. The pulsed element of the middle gate (not illustrated in Fig. 1 ) is grounded, thereby eliminating its effeet on the ion trajectories. The system is operated in a low duty cycle mode (2%) 
Model of Accelerated Ions
The goal of the model is to quantify the effects of a spatially finite gate and a nonzero risetime of the pulsing electronics. The major aspects of the entrapped spectra are the relative intensity and location of the leading edge of the side peak. The spectra are modelled by first assuming a Maxwell-B oltzmann veloeity distribution
where n is the number of ions, m the mass of the ion, Tj the ion temperature, k is the ()
where L is the length of the flight tube. The TOF spectrum I(t) is calculated by convoluting Eq. (2) accelerated by the pulsed electric field, and tg is the The distance X. the ion travels before the gate closes is
where V. is the initial ion velocity. It should be noted that if X. is greater than twice the distance d between the pulsed and grounded mesh, the total ion flight time is unaffected by the acceleration and is given by LJvO. For d <X. e 2d, the ion experiences a force given by
where Vg is the potential applied to the center mesh and v is the ion velocity. Integrating m. (6) ktwecn the initial and final velocity at times t ' = O and t respectively yields 
where X. is the position of the ion when the gate closes (t' = O). For each value of 2d -xo
Eq. (8) can be solved iteratively to obtain ts t2. The time t2 is then used to calculate the ion exit velocity v using Eq. (7). This velocity, in turn, yields the time in the tube, t~=(L-d)/v (see Fig. 1 ). Note, for an ideal pulse (~=0) the velocity and position [Eqs. (7) and (8)] rcducc to the standard equation of motion of a particle in a time independent electric field.
The TOF spectrum is given by the convolution of the transmission function of the two gates GI and G2, and the flight time distribution D(t) [Eq. (2) The final TOF spectral intensity I(t) can then be expressed as
The time ranges in Eq. (9) arc i {tl, ti},~ {O, tg}, and k {T+ tj -tg, 'f'+ tj) where ~ is the time corresponding to the j~h bin in G1. The last interval follows from the fact that the wjdth tg of G2 is convoluted with the width of GI so that the time window is extended. It is apparent from Eqs. (7) and (8) that the onset is related to the Vg. Figure 3 illustrates the variation of the onset time as a function of gate voltage. The results of the model onsets in Fig. 3 are extended below the lowest measured gate voltage (40 V) to illustrate the trend of data.
IV. Results and Discussion
The relative height of the side peak depends on the ratio of trapped ions to the total number of ions. As the pulse width of the gate increases this ratio decreases, hence the relative height of the side peak decreases. It should be noted that the total number of trapped ions does not depend on the gate voltage, so that the area of the side peak is a constant. However, the entrapment has a greater effect on slower velocity distributions since the relative fraction of ions passing through the gate before the gate closes is greater for the faster ions than the slower ions.
In Ref. 10a three-gate TOF apparatus is used to measure velocity distributions. A higher duty cycle, without degradation of the spectra by alias velocities, is achieved by employing the three-gate system. Further alterations to the shoulder by the exit gate or second gate in a three-gate system are neglected. The third gate defines the time interval and any change in the ion energy after exiting the flight tube has no bearing on the time measurement. The center gate, in a three-gate system, would introduce an additional effect of increasing the intensity of the side peak. However, an additional gate would not alter the spectra other than by increasing the background signal. The energy of the ions once 'accelerated are comparable to the gate voltage and any additional energy the ion acquires reduces the effectiveness of the gating structure.
It has been demonstrated that the pulsed-mesh TOF velocity analyzer accurately measures flight time distributions of low energy ions and that the flight time distributions are perturbed by ions trapped in the gating structure. The resulting spectra include a side peak characterized by its intensity and onset (or maximum). The effect has been successfully modelled by including a time-dependent electric field, spatially finite gate, and temporally finite gate pulsing in the calculation of the flight times.
The acceleration of the ions is an unavoidable effect of pulsed-mesh structures and must be addressed either theoretically or experimentally. In this paper the theoretical approach to model the trapped ions is investigated. An experimental method to reduce the effect employs a "defocusing" method by introducing an electric field having components perpendicular to the flight path. (This can, be done using a course center mesh giving rise to a "bumpy" electric field at the mesh surface.) The trapped ions between meshes are then accelerated off the flight path axis and eliminated from the spectra. 
